Estimating of combining ability is useful to assess genotypes and elucidate the nature and magnitude of gene actions involved. Aim of this study was to determine the combining abilities of some wheat genotypes for yield and some yield related traits by using line × tester mating design. Four advanced wheat lines and one cultivar were used as lines and four wheat genotypes were used as testers. The specific combining ability (SCA) effects were generally found higher than general combining ability effects (GCA) in terms of the agronomic traits studied. As a result, low ratios of , ( ) and low narrow sense heritabilities showed that nonadditive effects controlled the traits studied. Hence, the selection process for superior individual plants should be postponed to further generations like F 4 or F 5.
INTRODUCTION
Bread wheat (Triticum aestivum L.) is the most important cereal crop in the world and plays a crucial role in human and animal nutrition. It is grown more land area worldwide than other field crops and unrivalled in its range of cultivation. In Turkey, it was cultivated on approximately 8 million hectares and 18 and 20 million tons total production is changing every year. Besides, the population in Turkey is increasing day by day, so improving the highly productive wheat genotypes is substantial. This can be achieved by using maximum genetic potential in wheat germplasm.
The knowledge of combining ability is useful to assess differences among the genotypes and also, elucidate the nature and magnitude of gene actions involved. It has an important role to select parents and crosses and it helps to decide breeding methods to be followed to choose desirable individuals (Salgotraet al., 2009 ). Plant breeders focus on development of high yielding wheat cultivars by crossing good general combining lines and selecting desirable transgressive segregants from resulting hybrids for grain yield and other traits. Some researchers determined that the general combining ability effects for yield and other characters have played a significant role in selecting parents for grain yield (Kant et al., 2001; Akbar et al., 2009) .
Line × tester analysis is one of the most powerful tools for predicting the general combining ability (GCA) of parents and selecting of suitable parents and crosses with high specific combining ability (SCA) (Rashid et al., 2007) . Line × tester analysis provides information about combining ability effects of genotypes and also, knowledge regarding genetic mechanism controlling yield components. Information of general and specific combining abilities influencing yield and its components has become increasingly important to plant breeders to select appropriate parents for developing hybrid cultivars especially in cross pollinated crops. Many researchers have studied the combining abilities and gene actions of bread wheat hybrid populations by using line × tester analysis for some traits (Saeed et al., 2001; Krystkowiak et al., 2008; Jain and Sastry, 2012) .
The aims of this study were to determine combining abilities of the genotypes, to assess the nature and magnitude of gene actions involved and to predict narrow sense heritability for yield and some yield components in a line × tester crossing design in bread wheat.
MATERIALS AND METHODS
The research was carried out at the experimental area of Department of Field Crops, Faculty of Agriculture, Ege University in Izmir during the 2010-2011 and 2011-2012 growing seasons. The soil of the experimental site has a heavy soil structure with clay-silt soil at 0-20 cm depth and clay-loamy structure at 20-40 cm depth.
Four CIMMYT advanced lines (129, 340, 342, 47) and one registered variety (Sagittario) were used as lines and four wheat genotypes (line 3 and 4 from CIMMYT, Basribey and Ziyabey, registered varieties) were used as testers. The testers are well adapted genotypes to this environment also having early maturity. On the other hand, flag leaves of the lines have ability to longer stay green than the testers.
The nine parents were crossed to produce 20 F 1 hybrids according to the line × tester mating design developed by Kempthorne (1957) during 2010-2011 growing season. The 20 crosses and 9 parents were evaluated in Randomized Complete Block Design with three replications during 2011-2012 growing season. In each replication, parents and F 1 hybrids were sown in two rows of 1 m length with a spacing of 20 cm between rows and 5 cm between plants. Recommended cultural practices were followed to raise a good crop. 120 kg N ha -1 and 60 kg P ha -1 fertilizer were applied equally at sowing time and during the stem elongation period.
Yield and some yield components were measured in parent and F 1 hybrid plants. Grain yield was measured in grams per row and thousand kernel weight was calculated based on mean value (g) of 4 random samples of 100 kernels from each plot. Other observations were recorded on ten random plants for the characters spike length (cm), plant height (cm) and number of spikes per row then converted to square meter and. Data recorded were subjected to analysis of variance according to Steel and Torrie (1980) , to determine significant differences among genotypes. The combining ability and gene effects were studied (Singh and Chaudhary, 1979) using Microsoft Excel. Thet-test was used to test whether the combining ability effects were different from 0.
RESULTS
All genotypes that were used in the research showed differences with respect to the traits used in the experiment (Table1). This case showed that there was a significant variation among lines, testers and hybrids, hence it is possible that to calculate the general and specific combining abilities in the population. The lines used in the research exhibited a variation in terms of all studied traits except plant height (Table 1) . Also, the interaction between lines and testers were stated as significant for all traits except plant height and spike length. It can be seen that all testers that used in the research generally had similar values in terms of the studied traits (Table2). However, genotype Ziyabey pointed out in terms of high value of spike number for per m 2 andgrain yield per row. Furthermore, it was monitored that all lines used in the research have quite different values from each other and there was a big variation between them in terms of the traits measured (Table 2) . Otherwise, the hybrids had close values for plant height and spike length traits. However, significant differences were observed among the same hybrids (Table  1) .Maximum thousand kernel weight value (49.1 g) was obtained from the combination of 129 × Ziyabey, while minimum value was obtained from the combination of Sagittario × 3 (Table 2) . For the thousand kernel weight, there were five combination sexceeded their parental values (129 × 4; 129×Basribey, 129 ×Ziyabey, 340 × 3 and 347 × 3). These data showed that heterotic effects were emerged with high frequency for thousand kernel weight. Spike number for per m 2 trait was closely linked with tillering capacity, in this study, minimum spike number for per m 2 value was found for the combination of 340 ×Ziyabey as 50 pcs/m 2 , while maximum number was 128 pcs/m 2 for the combination of 347 ×Basribey. Also,most of the hybrids generally had lower values of spike number for per m 2 than the parents (Table 2) . For some combinations, the values of grain yield per row were determined as close to parent values and for some combinations it was higher than those of the parents. This situation showed that heterotic effects emerged highly in point of grain yield per row in these hybrids. For grain yield per row, the combinations of 129 × 3 and 347 × Basribey had the values of 165.5 g and 209.6 g, respectively and showed higher performance than tester Ziyabey (151 g) which presented the best performance among all testers. It was found that both of these two combinations had superior dominancy effect for grain yield per row. General combining ability (GCA) effects of the lines, testers or individual line performances are useful tools for selecting the hybrid parents in cross pollinated plants (Hallauer et al., 1988; Longin et al., 2013) . For observed traits, GCA effects of the lines and testers used in the research can be seen at Table 3 . Negligible positive and negative effects were observed between lines and testers for plant height. Besides, it can be seen that one of the testers called Basribey had negative and significant GCA effect. Since, all parents used in the research had the plant height reduced genes, there were remarkable similarity in the plant height measurements among hybrids (Table2). Spike length was found as one of important components of grain yield by various researchers (Kahaliq et.al., 2004; Shahid et al., 2002) and the positive GCA effects were generally observed for spike length. Genotype 129 showed a positive and significant GCA among testers, while genotype 347 and Sagittario had negative and significant GCA effects. This situation showed that in the combinations which include these two genotypes had relatively short spikes ( Table 2 ).All parents except genotype 4 had significant GCA effects for thousand kernel weight. However, it can be realized that negative and significant GCA effects decreasing the thousand kernel weight are more than positive GCA effects. The line 129, which had the highest positive and significant GCA effect, increased the thousand kernel weight in the combinations in which it took a place (Table 2) . Spike number for per m 2 is one of the most important traits in relation with productive spike number, and it determines the yield of the plant. Therefore, the tester called number 4 and the line called 347 were the most suitable parents for increasing this trait due to their high GCA effects. Saeed et al (2001) , specified some bread wheat genotypes based on GCA effects for enhancing the tillering trait. The line number 347 and the tester number 4 significantly increased the grain yield per row for the combinations in which they took a part. It was found that these two genotypes have positive and significant GCA effects. Although, specific combining ability (SCA) is generally suggested for cross pollinated species such as corn or rye (Hallauer and Miranda 1981; Tomerius 2001; Longinet al., 2007; Longinet al., 2013) ,SCA effects can be used to select homozygous lines that show transgressive segregation. It was observed that 342 × Ziyabey and Sagittario × Ziyabey combinations had positive and significant SCA effects for plant height (Table 4 ). Besides that, both combinations had the plant height values that close to each other about 90 cm which is the appropriate value for the conditions of our region (Table2).
Positive and significant SCA effect for spike length was observed only in the combination of 342 × 3 (Table  4) . Also, this combination had the highest spike length among the all combinations (Table 2) . 
DISCUSSION
It can be seen in the Table 4 that there were nine combinations which had positive and significant SCA in terms of thousand kernel weight. The SCA effects were found higher than the GCA effects for this trait (Table 5) . Contrary results were reported by Krystkowiak et al., (2008) , they studied with 76 wheat hybrids and they found higher GCA effects for thousand kernel weight. Since, test weight is one of the indicators of flour yield (Pomeranz, 1964) and thousand kernel weight positively correlated with test weight (Warechowska, 2013) , the wheat genotypes which has high thousand kernel yield are preferred in the flour industry. Hence these nine combinations are preferable for flour industry with their thousand kernel weight values around 40 g and higher. The hybrid number 347 × 3 had the best SCA to increase thousand kernel weight (Table 4 ).
In the case of spike number for per m 2 trait, six combinations had positive and significant SCA effects (Table 4 ). It was understood that these combinations can generate high amount of productive tillers ( Table 2 ). The number of 347 × Basribey was found as the best hybrid to the number of spike in square meter (Table 4 ). There were nine combinations with respect to grain yield per row which had positive and significant SCA effects (Table 3 ). It is remarkable that two of them (347 × Basribey and 129 × 3) had quite high grain yield per rows (Table 2) .
It was found that the lines 125 and 347 and the tester 4 had the high values in terms of the traits studied in the experiment. Furthermore, these lines had enhancer effects for grain yield per rows in the combinations that they took part in. Also, the combinations 129×3, 129×4, 340×3, 340×4, 342×4, 347×4 and Sagittario×4 came into prominence as promising combinations in terms of the traits evaluated in the research and it can be possible to obtain high yielding lines by carrying these combinations to next generations.
The GCA effects were lower than SCA effects in terms of all traits evaluated in the research in contrast to Titan et al.,(2012) . They used 6 wheat lines and seven testers and they tested 42 F 1 combinations for two seasons. They observed that SCA effects were generally lower than GCA effects. Besides, Sharma et. al., (2006) and Borghi and Perenzin (1994) stated that 2 variance was of greater importance than 2 for some traits. The difference in the results reported by researchers may be attributed to differences of parental materials used hybridization and to genotype × environments. In our results, it was understood that, non additive gene effects were dominant the genetic control of this traits (Table 5) . Likewise, dominant genetic variance was found higher than additive variance for all traits. These results showed that 2 2 portion was lower than one and ( 2 2 ) portion, which is an indicator of dominancy degree, higher than one (Table 5 ). Hence, it can be seen that non-additive genetic effects are controlling the inheritance of studied traits. It was understood that selection for the traits inherited with this manner should be performed in the further generations like F 4 or F 5 .Fellahiet al., (2013), reported the importance of non-additive gene action for the plant height, spike length, number of fertile tillers, thousand kernel weight and kernel yield. They recommended that selection of superior plants should be postponed to later generations due to preponderance of non-additive type of gene actions for all studied traits. Similar results of predominance of non-additive gene action for all studied traits have been reported by Vermaet al., (2007) for barley.
The efficiency of the selection is related with the size of narrow sense heritability in the segregating populations. The heritability degrees were found very low for the traits studied in the research (Table 5) . Similar results were found by Erkul et. al., (2010) . They estimated the genetic effects by using the generation means in six parameters model and low heritability with low genetic advance was found. This situation showed that the additive variance is very low in this population and the selection must be applied in the further generations.
Line × tester interaction contributed to combinations' variances was found much more than lines and testers, individually. The contributions of the lines to spike length were defined as highest, while to thousand kernel weight and grain yield per row were found closer to line × tester interaction. The contributions of testers were found lower than those of line × tester interactions for all traits (Table  6 ). Hence, line × tester interactions provide much more variation for the appearing of the traits. It is remarkable that hybrid combinations had higher values than their parents with respect to plant height, spike number for per m 2 and grain yield per row traits.
The 2 2 ratio varies depending on the allele frequencies between parental populations (Reifet al., 2007; Longinet al., 2013) . The lines selected from different gene pools had favorable 2 2 ratio because of their high GCA effects (Labateet al.,1997) .In this study, low ratios of 2 2 , ( 2 2 ) 1 2 and low narrow sense heritabilities supported the involvement of non-additive effects with predominance of non-additive type of gene actions (Table 5 ). Lines and the interaction of line × testers contributed more to variation of the expression of studied traits. As the conclusion, the line number 129 was good combiner for the spike length, grain yield per row and thousand kernel weight. The line number 347 and the tester number 4 were good combiners for grain yield per row and number of spike in square meter. The number of 347 × Basribey was found as the best hybrid to the number of spike in square meter and grain yield per row. The hybrid number 347 × 3 had the best SCA to increase thousand kernel weights. The predominance of nonadditive type of gene actions clearly showed that selection of superior plants should be delayed to F 4 or F 5 generations.
